The aim of this study was to perform an accurate exploration on the efficacy of oxaliplatin/5-fluorouracil/ capecitabine-cetuximab combination therapy and its effects on K-Ras mutations in advanced colorectal cancer.
Background
The incidence of colorectal cancer, a common malignant tumor of the gastrointestinal system, has been increasing in recent years [1, 2] . In 2012, the estimated incidence rates of colorectal cancer in China were 16.9/100 000 in men and 11.6/100 000 in women. In the 2014 report issued by the Shanghai Municipal Center for Disease Control and Prevention, Shanghai was reported to have a colorectal cancer ranking in the second place on the most common malignancy list, with 43.3 of 100 000 people suffering from it [3, 4] . Due to the lack of characteristic symptoms in early disease stages, >20% of colorectal cancer patients have metastasis at the time of diagnosis, which make its treatment more difficult.
In a couple of large clinical studies, the initial treatment integrating the targeted therapy with 5-fluorouracil-based chemotherapy has been proven to significantly extend progressionfree survival (PFS) and overall survival (OS) while improving the resectability of colorectal liver metastases [5] . Cetuximab is an immunoglobulin G1 monoclonal antibody that blocks epidermal growth factor receptor (EGFR) signaling, thereby effectively inhibiting proliferation of tumor cells expressing EGFR and improving the anticancer effect of chemotherapy [6, 7] . Since cetuximab effectiveness is restricted to patients with colorectal cancer where wild-type K-Ras genes are found, the NCCN Guidelines provide clear indication that DNA-based tests are required for K-Ras mutations prior to treatment with cetuximab in colorectal cancer patients. Importantly, less than 35 of 100 patients with colorectal cancer in Asia harbor K-Ras mutations [8] , which allow constitutive activation of the K-Ras protein independently of the EGFR signaling. Therefore, patients carrying such K-Ras mutations are less responsive to cetuximab and chemotherapy and have worse prognosis [9, 10] . Although several studies [11] recently found that some patients with colorectal cancer exhibited resistance to cetuximab after treated with cetuximab for certain time periods, the underlying mechanism remains unclear.
In this current study, we investigated the efficacy and safety of the initial treatment combined chemotherapy agents (oxaliplatin/5-fluorouracil/capecitabine) with cetuximab for patients suffering from metastatic colorectal cancer but not harboring the K-Ras mutations. In addition, we examined the K-Ras mutation status of the patients following treatment to elucidate the mechanism of acquired resistance to the treatment protocol.
Material and Methods

Eligibility criteria
Patients in whom metastatic colorectal cancer was progressing with wild-type K-Ras genes totaled 96 in the trials, including 65 males and 31 females, age average was 50.92±21.88 years old (ranging from 24 to 81 years old), who were treated at the Oncology Department of the study institution. The study cohort included 57 patients and 39 patients with rectal and colon cancer, respectively. The metastases were to the liver, pelvis, lungs, and lymph nodes in 39, 21, 12, and 9 patients, respectively; there were also 6 patients with local recurrence. Patients were recruited in accordance with the following criteria [12] : 1) histopathologic diagnosis of metastatic colorectal cancer regardless of previous treatment; the last treatment ended >4 weeks before enrollment for those who received treatment previously; 2) absence of K-Ras mutations by genetic analysis; 3) Eastern Cooperative Oncology Group (ECOG) score for performance status [13] £2; 4) no contraindications to chemotherapy based on blood tests, routine urinalysis, electrocardiography, and other routine tests, Karnofsky Performance Score ³70, and an expected survival time of >3 months; and 5) having 1 or more lesions capable of being measured. The exclusion criteria were as follows: 1) history or diagnosis of neurological disorders; 2) severe heart, lung, liver, or kidney dysfunction; 3) concomitant malignant tumor(s); and 4) pregnancy or breastfeeding. The study was started with approval of the ethics committee of the Third Affiliated Hospital of Sun Yat-sen University, and with documented informed consent signed by all patients and their families.
Treatments
The 96 patients were assigned in a 1: 1 random fashion into an observation group (n=48) and a control group (n=48) in line with a random number table. The observation group was treated with the oxaliplatin/5-fluorouracil/capecitabine chemotherapy protocol, which was administered in combination with cetuximab. Oxaliplatin (Sanofi Pharmaceutical Co., Ltd., Hangzhou, China) was administered at 130 mg/m 2 by continuous intravenous infusion for 3 hours on Day 1. In addition, 5-fluorouracil (Xudong Haipu Pharmaceutical Co., Ltd., Shanghai) was intravenously injected at 400 mg/m 2 as the initial dose, and then 600 mg/m 2 of 5-fluorouracil was administered using a continuous intravenous infusion for 2 hours on Day 1 and Day 2 or orally 1800 mg/m 2 of capecitabine (Shanghai Roche Pharmaceutical Co., Ltd., Shanghai) was given in 2 doses on Days 1-14 and 200 mg/m 2 of calcium leucovorin was administered by continuous intravenous infusion for 2 hours on Day 1 and Day 2. The chemotherapy was performed in 21-day cycles. Besides the aforementioned chemotherapy agents, cetuximab was also initiated by continuous intravenous infusion over 1 hour, at an initial dose of 400 mg/m 2 followed by a weekly maintenance dose of 250 mg/m 2 . In addition, 40 mg of diphenhydramine was administered by intramuscular injection 30 minutes before administration of cetuximab. Oxaliplatin/5fluorouracil/capecitabine was the monotherapy administrated to the control group using the same doses and schedules adopted in the other group. During chemotherapy, the patients in both groups were also provided symptomatic treatment to prevent vomiting and nutritional support; changes in routine blood and urine parameters as well as liver and kidney functions were monitored between the chemotherapy cycles. Clinical efficacy was evaluated regularly. If the patient's condition was stable or if the patient achieved remission or partial remission, the original treatment plan was continued unless intolerable side effects occurred.
Clinical indicators
Following treatment, physical examination and relevant laboratory evaluations between treatment cycles were coupled with evaluation of changes in lesions through computed tomography (CT) and/or magnetic resonance imaging (MRI) performed every 6-8 weeks.
Efficacy evaluation
Efficacy was evaluated as per RECIST (Response Evaluation Criteria in Solid Tumors) [13] . Complete response (CR) refers to complete disappearance of the lesion for at least 4 weeks, partial response (PR) ³30% reduction of tumor size for at least 4 weeks, and progressive disease (PD) ³20% increase in tumor size or novel-lesion emergence; all other situations were considered to indicate stable disease (SD). The short-term efficacy indicators were objective response rate or ORR, which was defined as CR plus PR/case count in total, and disease control rate (DCR), for which the dividend was that of ORR plus SD while the divisor kept unchanged. PFS was among the longterm efficacy measures, which signified the length of time marked off by the start of any treatment and the progression of the disease involved or disease-related death, and OS.
Safety evaluation
Adverse reaction evaluation was in accordance with v.4.03NCI Common Terminology Criteria (also called common toxicity criteria or CTC) for Adverse Events (CTCAE) [14] .
Genetic analysis for K-Ras mutations
At the end of the follow-up period, with consent from the patients and their families, fresh tissue from the tumor site was obtained by needle biopsy, colonoscopy, or other means for DNA extraction and genetic analysis to determine the presence of K-Ras codon 12 and 13 mutations, regardless of tumor recurrence.
Statistical analyzing
SPSS Statistics 19.0 was the software specified in the study for statistical analyses. Measurement data were represented as means±standard deviation. Comparisons between the treatment groups were performed using independent samples t-test. Comparisons before and after treatment within the same treatment group were performed using paired t-test. Quantitative data were represented by numbers and compared using the c 2 test. The Kaplan-Meier method was used herein to get PFS and OS estimates, and medians with 95% CI were calculated. The results were considered to show statistically significant differences at P<0.05.
Results
Comparison of baseline characteristics of the treatment groups
As shown in Table 1 , there were no significant differences in age, sex, ECOG PS score, primary tumor sites, number of metastases, differentiation, and pathological type between the 2 treatment groups (P=0.715, 0.563, 0.748, 0.688, 0.673, 0.675, and 1.000, respectively).
Comparison of short-term efficacy indicators
A significant increase in both ORR and DCR was observed in the observation group compared to the control group (P=0.002, P=0.009, respectively). Cetuximab was thus indicated to markedly elevate the short-term clinical efficacy that those suffering metastatic colorectal cancer without K-Ras mutations showed after exposed to oxaliplatin/5-fluorouracil/capecitabine ( Table 2) . suggesting that cetuximab significantly enhanced the longterm efficacy that patients living with metastatic colorectal cancer and wild-type K-Ras showed clinically upon exposure to oxaliplatin/5-fluorouracil/capecitabine. This was indicated by the significantly longer survival (Figure 1 ).
Comparison of long-term efficacy indicators
Comparison of adverse reactions
As shown in Table 3 , in both treatment groups, the adverse reactions included gastrointestinal adverse effects, neurotoxicity, myelosuppression, and abnormal liver function. The incidence of adverse reactions did not vary markedly between treatment groups (P=0.203, 0.787, 0.242, 0.125, 0.534, 0.736, 0.550, 0.574, respectively). The majorities of the adverse reactions were in cases of grade 1 or grade 2, and were improved after symptomatic treatment, suggesting that oxaliplatin/5-fluorouracil/ capecitabine-cetuximab combination therapy had a level of safety in treating metastatic colorectal cancer bearing wild-type K-Ras.
Short-term efficacy of cetuximab as initial or alternative treatment DCR was significantly higher when cetuximab was used as initial treatment instead of the alternative treatment (P=0.001); cetuximab was also associated with a slightly higher, albeit statistically non-significant (P=0.119), ORR when used as initial treatment (Table 4 ).
Long-term efficacy of cetuximab as initial or alternative treatment
The patients receiving cetuximab as initial treatment had a median PFS of 12.9 months (95% CI: 11.6-14.9 months) and a median OS of 19.4 months (95% CI: 18.1-24.5 months); furthermore, 
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both PFS and OS were significantly longer in these patients than in those receiving cetuximab as alternative treatment: PFS was 10.5 months (95% CI: 10.1-12.4 months); OS was 15.9 months (95% CI: 15.2-18.2 months); P=0.016, P=0.027, respectively. This suggests that cetuximab had a higher efficacy when used as initial treatment than when used as alternative treatment in combination with oxaliplatin/5-fluorouracil/capecitabine (Figure 2) .
The post-treatment rate of K-Ras mutations
A total of 55 patients, who were evaluated for K-Ras mutation status using the surgically resected lesions, underwent another genetic testing for K-Ras mutations. These patients received an average of 15.3 cycles of cetuximab (range, 4-35 cycles). All patients were subject to the second K-Ras testing in the last follow-up visit of the study. The samples were obtained by needle biopsy and colonoscopy in 17 and 38 patients, respectively. The analysis revealed that 5 of the 55 patients (7.27%) had K-Ras mutations in the second examination, and the rate of new K-Ras mutations was significantly greater in the patients receiving cetuximab as alternative treatment than in those receiving cetuximab as initial treatment. These results suggested that cetuximab was more inclined to association with K-Ras mutations in case of alternative treatment (Table 5 ). 
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Effect of cetuximab treatment duration on K-Ras mutation rate
The 55 patients who were evaluated for post-treatment K-Ras mutation status were assigned to receive 2 therapeutic regimens based on the duration of cetuximab treatment: those treated with cetuximab for ³10 months and <10 months. The second genetic evaluation which included the comparison of K-Ras mutation rates, found that patients who were treated with cetuximab for ³10 months had significantly higher rates of K-Ras mutations than those who underwent cetuximab treatment for <10 months, suggesting that longer cetuximab administration was likely to cause an increase in rates of K-Ras mutations (P=0.042) ( Table 6 ).
Discussion
Colorectal cancer morbidity and mortality rates have been steadily rising in recent years [15, 16] . Cetuximab shines among EGFRtargeted medications that enable colorectal cancer to be treated in a novel approach due to its specific binding to the extracellular domain of EGFR, phosphorylation blocking capacity of its tyrosine kinase domain, and downstream signaling pathway activation suppression. It thereby inhibits malignant cell proliferation and the metastatic processes [17, 18] . It has been found in some studies that cetuximab combined with chemotherapy for colorectal cancer patients showed a median PFS of 9.9 months, with ORR of about 57.3% [19] . Another study showed that ORR of bevacizumab combined with the first-line chemotherapy for advanced colorectal cancer reached 51.5%, and PFS was 12.6 months [20] . It has also been found that cetuximab prolongs PFS and OS in patients with left-sided colon cancer compared to optimal supportive therapy. All these studies have shown that cetuximab alone or in combination with chemotherapy can benefit colon cancer patients clinically. As shown in the results of the current study, the observation group had significantly higher or longer ORR, DCR, PFS, and OS than the controls, suggesting that the combination therapy that patients received for treating metastatic colorectal cancer with wild-type K-Ras resulted in significantly better short-term and long-term efficacy, mostly attributed to cetuximab. Our findings are consistent with those reported in the literature. However, the median PFS in this study was not as good as the clinical study afore mentioned but was similar to the reports of domestic Chinese scholars [21] . Considering the fact that this study was a single center study with small sample size, and some patients are treated with the second-line therapy, further studies are needed to expand the number of cases. In the BOND study of cetuximab as second-line therapy, the results showed that the combined treatment of cetuximab and irinotecan was significantly superior to the single-drug treatment in metastatic CRC patients with EGFR-positive expression and failure of basic chemotherapy [22] . Meanwhile, a FLIER study showed that cetuximab combined with FOLFIRI in second-line treatment of patients with advanced colorectal cancer had the median PFS of 7.4 months and ORR of 31.7% [23] . These studies showed that cetuximab combined with chemotherapy was significantly effective in second-line treatment of patients with advanced colorectal cancer. The study herein also covered examination of the combination therapy regarding its efficacy as either initial or alternative treatment. Upon our analyses, PFS and OS were valued at a median of 10.5 months (95% CI: 10.1-12.4 months) and 15.9 months (95% CI: 15.2-18.2 months), respectively, in patients receiving cetuximab as alternative treatment, suggesting that cetuximab remained beneficial even as an alternative treatment option, in agreement with previous reports [24] . Importantly, cetuximab led to significantly longer PFS and OS as initial treatment compared with the case in which the medication was dosed as alternative treatment. Conversely, ORR was slightly higher, albeit without significance, when cetuximab was taken as initial treatment other than as alternative treatment. This suggested that the earlier colorectal cancer patients of the specified genotype administrated cetuximab, the more benefits of the administration can be increased.
Most adverse reactions in the current study were in grade 1 or grade 2, none of which had an adverse effect on the continuation of the chemotherapy regimens, suggesting that cetuximab-chemotherapy combination therapy was a safe first-line treatment protocol adopted for treating advanced colorectal cancer with wild-type K-Ras.
Despite a good profile in advanced colorectal cancer treatment, cetuximab has its efficacy restricted to for those who harboring wild-type K-Ras [25, 26] , whereas its benefit in patients with mutated K-Ras is very limited [27] . Studies showed that colorectal cancer patients in the advanced stage of the disease had K-Ras mutations that were developed from wildtype K-Ras after treatment with EGFR-targeted therapies and that these mutations might have contributed to the resistance to drugs targeting EGFR [28] . In the current study, 4 of the 55 patients developed K-Ras mutations, with a mutation rate of 7.27%. Additionally, K-Ras mutations were at a much higher incidence rate when cetuximab was administrated to patients as an alternative treatment compared to given as initial treatment. The K-Ras mutations were also in significantly higher rates when cetuximab was given for ³10 months compared to when cetuximab was administered for <10 months, revealing that long cetuximab use or cetuximab administration as alternative treatment might lead to higher rates of K-Ras mutation.
Conclusions
The current study demonstrated an association between secondary K-Ras mutations and tumor progression and the 
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This work is licensed under Creative Common Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) e919031-7 dependency of secondary K-Ras mutations on the length of cetuximab treatment and its use as an alternative option. However, due to the limited sample size, variations in sampling methods, and other potential human errors, the results are inevitably biased. Future studies including large cohorts with more effective control of non-tumor factors are necessary to provide confirmation of the findings in this study.
